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(54) Abstract Title 

Cursor positioning device for computer system 



(57) A device for controlling the position of a cursor on a computer screen comprises a case with a finger 
controllable element 3, at least one circular optic piece and a reading set for generating binary signals and for 
reading data concerning movement of the finger controllable element. At least one register is provided for 
recording the length values of the binary signals generated by the optic grid pieces. The device has a single 
operating mode for detecting movement of the finger controllable element using at least two sets of different 
ratio constants to multiply the distance moved by the finger controllable element according to a variation in 
sp d of movement of said element thereby controlling the distance of movement of a cursor on a display 
sere n to be positively proportional to the respective rotational distance of the finger controllable element. 
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CURSOR POSITIONING DEVICE FOR COMPUTER SYSTEM 



The present invention relates to a tvo dimensional data 
input device for a computer system, and more particularly 
to a cursor positioning device for controlling the movement 
and positioning of a cursor on a computer display. 

The present invention is a further improved cursor 
positioning device of my PCT Application Numbers 
PCTCN950042 and PCTCN950043. 

The conventional cursor control devices or cursor 
positioning devices for a computer monitor include 
keyboard, mouse, trackball, touch screen, light pen, and so 
on. These prior art cursor positioning devices are widely 
used to control the cursor movement and positioning of the 
cursor or mark on the computer display. Nowadays, these 
prior art cursor positioning devices are also widely 
app 1 ied to a computer system as a function selection device 
to simply perform specific functions on menus for a computer 
app li cat ion program. 

However, it is found that these conventional cursor 
positioning devices are not very convenient in performing 
the cursor moving coperation. For example, the well-known 



computer keyboard suffers from significant slow performing 
speed during controlling the cursor movement. It is also 
noted that computer mouse is not convenient in cursor' 
movement because the user must move the mouse within a 
large square area on a mouse pad or a smooth desk by moving 
his arm repeatedly. In addition, the conventional computer 
mouse typically includes a downward rotable ball and two 
encoder wheels to detect the movement of the mouse, which 
always suffers from contamination, causing poor performance 
re 1 iab 1 i ty . 

In order to overcome the drawbacks found in the 
conventional cursor pos i t i on i ng-dev i ces , "Absolute Axis 
Coordinate" type computer pointing devices are disclosed in 
US patents Ncx.4 , 782 , 327 and 4,935,728. However, both the 
prior art US patents have a relatively larger structure 
size with a complicated control circuit interface and a 
complicated control procedure to achieve the cursor moving 
control purpose. 

One important problem of the prior art is described 
below. The typical horizontal resolution of the computer 
screen may be 640,800 or 1280 pixels. During slow movement 
operation mode of the prior art, the cursor on the screen 
is operated in a pixel-to pixel operation mode, i.e. fine 
displacement mode. In case that the finger controllable 
member of the pointing device moves 320 pixels, the cursor 
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on the screen only moves half of the total traveling 
distance of the screen or less. At this time, in case that 
the user changes the operation mode of the pointing device 
from the initial slow operation mode to a fast movement 
5 operation mode, the cursor on the screen will directly jump 

to the forward margin on the screen or move over 640 
Pixels. It is to be understood that the prior art has 
disadvantage of suddenly jumping feature, causing sudden 
changes operation feeling during moving operation. Because 
the distance of the cursor movement on the display is equal 
to a product of a distance of the cursor from an edge of 
the display area of movement times a quotient of a detected 
distance of movement of the f i nger-gr ippab le element 
divided by a distance of the f inger-grippabie element from 
an edge of the pointer area of movement, so that it is 
possible to get a fraction during operation. 

Fig. 12 and Fig. 13 of the US Patent No. 4, 782. 327 
disclose a movable encoder with mask sections at two margin 
and a detecting circuit including an integrating circuit 
and differentiating circuit. The A.B phase signal of the 
pointing device has four possible conditions (0, 0), (.1, 
0), (1, I), (0, 1). If the f inger-gr ippable element stills 
and not yet reaches a margin, it is possible at (0,0) 
condition. This will cause incorrect result. Furthermore, 
when the f i nger-gr i ppab le element reaches a margin, one 
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phase signal is changed while the other phase signal is 
processed by the integrating circuit and the 

differentiating circuit based on RC timing method to 
determine whether the f i nger-gr i ppab 1 e element reaches a 

5 margin. Because the f i nger-gr i ppab le element is controlled 

by operator with different operating speed, the RC timing 
method will not completely meet the practical requirement 
in margin determination. 

US patent Ho. 4,935,728 has a square opening 136a formed 

10 on a top plate 134a of the outer case 132a as shown in Fig. 
1. The square opening 136a serves as margin for the 
f inger-gr i ppab le element. The photo encoder includes a 
series of mask sections and transparent sections 
interleaved. In case the photo encoder with phase A and 

15 phase B is required to generate 320 phase signals per inch 
(not includes the central portion), the minimum distance 
with a mask: section and a transparent section on the photo 
encoder will be 0 . 16mo (25 . 4mm/160=0 . 16mm ) . In consideration 
of the 90 degrees phase difference between the phase A and' 

20 B, the distance will be equal to 0.08mm. The narrow 
displacement nears a. maximum, tolerant range during 
operation. Further, when the hardware sends out a pulse 
signal, it must displace a travel length of 0.08aa. It will 
require rather precise movement to generate 320 pixels 

25 signal within a distance ranges of 25.4mm. It is therefore 
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noted that the prior art patent requires precise parallel 
structure for configuring the square opening and photo 
encoder in manufacture and assembly. Otherwise, each dot on 
the square opening in Y-axis direction will have an 

5 incorrect X-axis margin value; similarly, each dot on the 

square opening in X-axis direction wiil have an incorrect 
Y-axis margin value. 

To match the different resolution of the various 
display, for example 800*600 or 1280*1204, the following 

10 various methods are possible: 

1. increasing the size of the finger controllable member; 
or 

2, decreasing the distance between each mask section and 
transparent section on the photo encoder. 

15 The. former method will tire the user due to the length 

of the finger controllable member is increased, especially 
the operating range is limited in left and right direction 
in movement. The second method above has a problem that 
it can not correctly generate a signal at each moving time 

20 because the distance is decreased causing a samll 

effective displacement, Moreover, it is possible to cause a 
problem that the pointing device generates two or three 
pulse signals at each moving time. The design of shorten 
the distance of photo encoder can reduce the operating 

25 ranges of user hand during moving the f i nger con tro 1 1 ab I e 
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member, and it is especially applicable in use of remote 
controller for a multi-media system with more convenience 
and comfort. 

The moving speed of the movable photo encoder of the 
5 present invention is designed to be proportional to the 

displacement of the movable photo encoder. So, it is highly 
possible to control the cursor vithin a small operating 
region of 16mm, by reducing the length of the movable photo 
encoder, i.e. reducing the operating distance of the finger 
10 controllable member, under control of firmware. 

Referring to both the plate 66 of the housing shown in 
Fig. 2 of US patent Ho. 4,782,327 and the movable cover 
plate 72 shown in Fig. 3 of US patent No. 4,935,728, it is 
required to have a sufficient length, i.e. two times the 
15 distance that the length of the central portion plus travel 
of the movable photo encoder, so as to cover the square 
opening. Each side of the operating distance must be three 
times the distance of the movable, photo encoder. So, the 
required operating region of the plate of the prior art 1 
20 structure must be nine times the traveling area of the 
movable photo encoder. Further, the photo detector is fixed 
on the housing, so the length of one side of, the mechanism 
must be equal to a length that two times the traveling 
distance of the movable photo encoder plus the distance of 
25 the photo encoder. The area of the mechanism must be four 

•< ' 
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times the traveling distance of the movable photo encoder. 



Consequently, in viev of the drawbacks of the prior art 
cursor control device, the primary aim of the present 
invention is to provide a cursor control device for 
controlling the positioning and movement of a cursor on a 
computer screen. The control device is capable of 
conveniently controlling the movement of the cursor on the 
computer screen by using absolute coordinate control 
technique. In the design of mechanism of the present 
invention, the photo detector and movable photo encoder, and 
the whole required operating space are reduced, capable of 
installing the X-axis and Y-axis movable photo encoder at 
the same plane to reduce the thickness of the mechanism. 
This design is especially applicable in known notebook 
computer. Further, the photo detector may be arranged at 
the central portion of the mechanism, so it is unnecessary 
to reserve a. square opening on the device, nor to prepare 
a cover plate to cover the opening. Obviously, the 
operating space and thickness of the mechanism of the 
present invention may be reduced in application of 
installing on a known keyboard or a notebook computer 
without need of cover plate. The advantages of the present 
invention are as follows: 

1. The mechanism of the present invetion has good 



waterproof and dust-proof effective when associated with a 
computer keyboard or a notebook computer. 

2. The required operating area for the cover can be 
reduced. The length of the cover plus operating distance is 

5 three times that of the finger controllable member. The 

operating area of the cover is nine times the displacement 
area of the finger controllable member. The required area 
of the cursor positioning device of the present invention 
on the keyboard can be reduced. Particularly, the required 

10 area of the movable photo encoder of a preferred embodiment 
as shown in Fig. 6 can be reduced one ninth of the prior art 
cover plate. 

3. The area of the movable photo encoder can be reduced to 
half or one fourth of the prior art. 

15 4. The movable photo encoder and fixed photo encoder are 
combined together by a stack structure to generate a series 
of pulse signals. It is applicable in a fine operation, for 
example, within a small range of 25 . 4M/320=0 . 08mm f capable 
of generating 320 pulse signals per dot. In such a small 

20 distance, the prior art must use expensive and precise 
lighting source, such. as laser LED, for detecting 
operation, because the conventional LED has problem of 
light diffusion during transmitting light beam. The present 
invention is provided with a fixed calibrating photo 

25 encoder, the mask sections and transparent sections of 
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which is designed to correspond to the movable photo 
encoder and the location of the phases A and B of the photo 
encoder is arranged to one fourth of a period , so that the 
photo encoder itself is capable of generating very 
precise two phase signals with 90 degrees phase difference. 
The fixed calibrating photo encoder is preferably attached 
onto the movable photo encoder to reduce the gap 
therebetween. Alternatively, the fixed calibrating photo 
encoder nay be directly printed on the movable photo 
encoder. In such an arrangement, the present invention can 
use the conventional LED as a lighting source. In 
effectiveness, the present invention has advantage of 
simplifying calibrating process, saving time of the 
adjusting the location of the LED, and reducing the 
components cost. 

5. The conventional souse has problems of uncertain 
friction on the X-axis and Y-axis shaft of the encoder, 
causing error and loss of signal. The movable photo encoder 
of the present invention has no rotating shaft like the 
conventional computer mouse, so it can overcome the problem 
of the conventional mouse. 

* 

6. The present invention provides two methods to detect the 
■argin of the finger controllable member. A preferred 
method to detect the margin is directly formed a margin 
mark on the aovable photo encoder, in order to simply 



provide a digital form for determination. So, the control 
procedure is simpler and the manufacturing process is 
easier than that of prior art, 

7. The present invention is provided with margin mark 
thereon. The movable photo encoder of a preferred 
embodiment in accordance with the present invention not 
only has a margin mark, but also has a single lighting 
source with two phase signals A and B with 90 degrees phase 
difference. The present ( invention is possible to be 
operated within a 16mm operating area under control of a 
universal operation mode. In the operation mode, the 
displacement of the cursor on the display is proportional 
to that of the finger controllable member- Even when the 
resoultion of the display is changed, the operation mode is 
still applicable to achieve precise control purpose. 
Besides, the movement of the cursor is very smooth. Ho 
matter where the cursor is moved to any points on the 
display, it still can get fine displacement around the 
point where the cursor is located. The present invention 
also can move the cursor to reach a margin of the display 
precisely and return to original position fast, under 
control of the finger controllable member* 

8. The location of the cursor on the display may always 
correspond to the position of the finger controllable 
member on the cursor positioning device, which can 

• 10 - 



provide a very useful pointing device for the user. 

9. The displacement of the cursor on the display is 
proportional to the distance of the finger controllable 
member on the cursor postioning device. The moving speed of 
the cursor on the display also corresponds to the different 
moving speed of the finger controllable member, resultingin 
saooth novenent of the cursor on the display. So, the 
present invention can overcome the problem of jumping 
movement of the cursor as the prior art US patent 
Ho. 4, 935,728. 

10. The present invention determines the proportion factor of 
the displacement of the cursor according to the aoving 
speed increment of the finger controllable member. 

11. The present invention can set an effective area, such 
as within a range of 16ma or less, for the movement of the 
finger controllable member. In such a design, it is 
possible to move the cursor over the whole display area by 
operating the finger controllable member. So. it can 
improve the convenience over the prior art, such as a 
conventional track ball, which needs to rotate the ball with 
various turns during operation to move the cursor over the 
d isp lay . 

These and other aims and features of the invention will 
become more apparent from the following description taken 
in connection with the accompanying drawings, in which :- 
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Fig.l is a top plan view of the pointing dev i ce cdf prior art 
Fig. 2 is a perspective view showing that the cursor 
postponing device of the present invention may be formed on 
a known computer keyboard; 

Fig. 3 is a perspective view showing the first embodiment of 
the cursor positioning device of the present invention; 
Fig. 4 is an exploded view of the embodiment shown in Fig. 3; 
Fig. 5 is a perspective view showing the second embodiment 
of the cursor positioning device of the present invetion; 
Fig. 6 is an exploded view of the embodiment shown in Fig.5; 
Fig. 7 is a perspective view showing the third embodiment of 
the cursor positioning device of the present invention held 
by a hand of operator, 

Fig. 8 is a perspective bottom view of the cursor 
positioning device shown in Fig. 7; 

.Fig. 9 is a perspective view showing the fourth, embodiment of 
the cursor positioning device of the present invention; 
Fig. 10 is an exploded view of the embodiment shown in* 
Fig. 9; 

F ig. 11 is a perspect i ve view showing the fifth embodiment 
of the cursor positioning device of the present invention; 
Fig. 12 is an exploded view of the embodiment shown in 
Fig. 11; 

Fig. 13 is a perspective view showing the sixth embodiment 
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of the cursor posit ioning device of the present invention; 
Fig. 14 is an exploded view of the embodiment shown in Fig 
14; 

Fig. 15 is a perspective view shoving the seventh eabodiaent 
of the cursor positioning device of the present invention. 
Fig. 16 is a perspective view showing the eighth eabodiment 
of the cursor positioning device of the present invention. 
Fig«17 is an exploded view of the eabodiaent shown in 
Fig. 16; 

Fig. 18 is a perspective view showing the ninth eabodiaent 
of the cursor positioning device of the present invention. 
Fig. 19 is an exploded view of the eabodiaent shown in 
Fig. 18; 

Fig.20A to 20F show the structure and associated wavefora 
of a photo detector eabodiaent using two sets of photo 
transistors in accordance with the present invention; 
Fig. 21A to 21F show the structure and associated wavefora 
of a photo detector eabodiaent using four sets of photo 
transistors in accordance with the present invention; 
Fig.22A to 20D show the structure of the photo detector 
applied to the ninth eabodiaent of the present invention; 
Fig.23A to 23H show the structure of the photo detector 
applied to the first to eighth embodiaents of the present 
invent ion ; 

Fig. 24 is a persective view showing another eabodiaent of 
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the structure of the photo detector shown in Fig. 23; 

Fig. 25 is a control circuit suitable to apply to the photo 

detector shown in Fig. 20; 

Fig. 26 is a control circuit suitable to apply to the photo 
detector shown in Fig, 21; 

Fig.27A to 27E are control flow charts for the control 
circuit shown in Fig. 25; 

Fig. 28 is an interrupt program for margin determination; 
Fig.29A is a subprogram of the block HI of Fig.27D and 
Fig. 30; 

Fig.29B is a subprogram of the bldck H2 of Fig.27E and Fig. 30; 
Fig. 30 is a control flow chart for the control circuit 
shown in Fig. 26; and 

Fig.31A to 31D are control flow chart of the computer 
driving program 

As shown in Fig. 2, a cursor positioning device 
indicated generally at 1 in accordance with one embodiment 
of the present invention is formed on a well-known computer t 
keyboard 2. It is possible to mount the cursor positioning 
device 1 at an other suitable place on the keyboard. In 
this embodiment, a concave portion 155 is formed on the 
keyboard. The cursor positioning device 1 includes a finger 
controllable member 3 which is slidable on the concave 
portion 155 on the keyboard 2. In addition* a left switch 
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push button 11 and a right switch push button 12 are 
arranged on the keyboard , next to the concave portion 
155, for facilitating data input during operating the finger 
controllable aeaber 3. The purposes of the concave portion 
155 of the keyboard is to limit the sliding area of the 
finger controllable aeaber 3 and act as an effective aoving 
area with water-proof and dust-proof features. 

In addition to the asseably eabodiaent as shown in 
Fig. 2, the cursor positioning device in accordance with 
another eabodiaent of the present invention is possible to 
be fabricated as an external operated pointing device 
separated froa the keyboard to achieve an easier operating 
purpose, which will be described below. Fig. 3 shows a 
perspective view of the cursor positioning device in 
accordance with the first eabodiaent of the present 
invention. Fig. 4 shows the exploded view of the cursor 
positioning device shown in Fig. 3.. In this eabodiaent, the 
cursor positioning device 1 includes a lower housing 14 and 
an upper housing 15, so that an inner space 16 is foraed 
therebetween. A finger controllable aeaber 3 is slidabie on 
a concave portion 155 integrally foraed on the top 
surface of the upper housing 15 . Preferab ly , a fastening v i re 
33 is provided to bond together the finger controllable 
aeaber 3 with the upper housing 15 so as to prevent the 
finger controllable aeaber froa dropping. The cursor 
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positioning device 1 is provided with three push buttons 
11,12. and 13 thereon* 

As shown in Fig. 4, the finger controllable member 3 
includes a cover member 311, a magnetic member 312, and a 

5 bottom member 313. A smooth member 314 is further attached 

to the bottom surface of the bottom member 313 to enable 
the finger controllable member 3 to move more smoothly on 
the concave portion 155 of the upper housing 15. 

An inside slidable member 34 is arranged within the 

10 inner space 16 of the cursor positioning device 1, which is 
provided with a smooth member 315, a magnetic member 317, and 
a cover member 319-When the user moves the finger 
controllable member 3 on the square area of the concave 
portion 155 of the upper housing 15, the inside slidable 

15 member 34 is moved correspondingly by means of magnetic 
force between the magnetic members 312 and 317. 

The inside slidable member 34 is attached with a X-axis 
photo detector 6 and a Y-axis photo detector 7 on its side 
walls. The X-axis photo detector 6 includes an upper case 66' 

20 and a lower case 67, and therefore a recess 65 is formed 
therebetween. A X-axis movable photo encoder 4 may be 
inserted into the recess 65 of the X-axis photo detector 6 
and slidable therethrough . In the X-axis photo detector 
6, there are mounted with a LED 61, a calibrating photo 

25 encoder 62. a photo transistor 63, and a cover plate 64. The 
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Y-axis photo detector 7 includes an upper case 76 and a 
lower case 77, and a recess 75 is forned 

therebetween . A Y-axis photo encoder 5 nay be inserted into 
the recess 75 and slidable therethrough . In the Y-axis photo 
detector 7, there are mounted with a LED 71 f a calibrating 
photo encoder 72, a photo transistor 73, and a cover plate 
74. 

The X-axis photo encoder 4 is also slidable in the 
inner space 16 along the opposite guide slots 162 and 164 
by aeans of opposite guide extensions 411 and 412. The 
Y-axis photo encoder 5 is slidable in the inner space 16 
along the opposite guide slots 161 and 163 by aeans of 
opposite guide extensions 511 and 512. 

A printed circuit board 18 is mounted in the cursor 
positioning device 1 with a left switch 11a, a right switch 
12a, and a middle switch 13a, controllable by three 
corresponding switch push buttons 1 1 , 12 , and 13 mounted on 
the upper housing. 

The advantages of this embodiment only requires a small 
installation space. The top surface of the upper housing has 
no moving member except for the finger controllable member, 
so that it has excellent isolation and prevention of 
contamination. Besides, the inside slidable member within the 
inner space of the device is moved by means of magnetic 
force. so that the structure is simple and the operation is 
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con ven i en t . 

The printed circuit board 16 of the device 1 is 
provided with a data communication circuit, such as a 
well-known RS232 serial communication interface, for 
performing data communication with a computer system. The 
three push buttons 11.12, and 13 serve as function control 
keys like the functions of the control buttons on a 
computer mouse* 

Fig. 5 shows a perspective view of the cursor 
positioning device in accordance with the second embodiment 
of the present invention. Fig. 6 shows the exploded view of 
the cursor positioning device shown in Fig. 5. The same 
reference numbers will be used throughout the drawings to 
refer to the same or like parts of the previous embodiment. 

In this embodiment, a frame 17 is further provided 
between the lower housing 14 and the upper housing 15, 
having through holes 171, 172, and 173 at the respective 
corner thereof*The upper housing 15 is provided with four 
insert pins 181, 182. 183, and 184 capable of inserting 
into the corresponding small holes 146, 147, and 148 formed 
on the lower housing 14 via the through holes 171, 172. and 
173 of the frame 17 respect ively, so as to fix the frame 17 
in position between the upper housing 15 and the lower 
housing 14. 

The opposite bars 161 and 163 of the*-, frame act as 
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Y-axis guide rail for the Y-axis slidable bar 51, and the 
other opposite bars 162 and 164 of the frame act as X-axis 
guide rail for the X-axis slidable bar 41. A X-axis flexible 
encoder 417 is jointed at its tvo ends by a rivet plate 418 
on a concave portion 419 of the X-axis slidable bar 41, as 
shown in Fig. 6. Similarly, a Y-axis flexble encoder 517 is 
jointed at its tvo ends by a rivet plate 518 on a concave 
portion 519 of the Y-axis slidable bar 51. The X-axis 
flexible encoder 417 is arranged to surround tvo rollers 
143c and 144c vhich are supported by fixed pins 143b and 
144b respect ively. The fixed pins 143b and 144b are 
suspended on the pivotal slots 143a and 144a foried on 
upward stand 143 and 144 of the lover housing 14 
respectively. S i ■ i lar 1 y , the Y-axis flexible encoder 517 is 
arranged to surround tvo rollers 141c and 142c vhich are 
supported by fixed pins 141b and 142b respect ively .The 
fixed pins 141b and 142b are suspended on the pivotal slots 
141a and 142a foraed on upward stands 141 and 142 of the 
lover housing 14 respect ively . The upper housing 15 is 
further provided vith various dovnvard stands 141d, 142d, 
143d, and 144d corresponding to the upward stands 141, 142. 
143, and 144 respectively to serve as pivot aeaber for the 
fixed pins 141b, 142b, 143b, and 144b. 

A photo detector 6a vith a calibrating photo encoder 62 
is arranged to detect the rotation of the flexible encoder 



- 19 - 



417. which may be mounted in a recess 14a of the lower 

ho using 14,Another photo detector 7a with a calibrating 
photo encoder 72 is arranged to detect the rotation of the 
flexible encoder 517, which may be mounted in a recess 14b 
perpendicular to the recess 14a of the lower housing 14. 

By moving the finger controllable member 3 consisting 
of a cover member 311, a magnetic member 312. a bottom 
member 313, and a smooth member 314 on the concave portion 
155 ofthe upper housing 15, the inside slidable member 
consisting of a smooth member 315, a magnetic member 317, 
and a bottom member 318 can be moved correspondingly within 
the inner space 16 of the cursor positioning device 1 by 
means of the magnetic force between the magnetic members 
312 and 317. So, the X-axis slidable bar 41 and the Y-axis 
slidable bar 51 can move within the inner space 16 of the 
device 1 according to the movement of the controllable 
member* The movement of the slidable bars 41 and 51 either 
in X-direction or Y-direction will be detected by the photo 
detectors 6a and 7a, and the detected movement signal will 
be transmitted to the control circuit on the printed 
circuit board 18. 

This embodiment has advantage of effectively saving 
installation space due to the encoders 417 and 517 thereof 
is arranged in a flat and circular f orm. Obv ious ly , th is 
embodiment further improves the first embodiment described 
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above with smaller product size. Predict ively, this 
embodiment can save about 3 fourth operational space 
required by the encoder. 

Fig. 7 shows a perspective view of the cursor 
positioning device held by a user's hand in accordance with 
the third embodiment of the present invention. Fig. 8 shovs 
the bottom view of the cursor positioning device shown in 
Fig. 7. In this embodiment, the left switch push button 11 
and the right switch push button 12 are arranged on the 
bottom surface of the lover housing 14, which are 
conveniently controllable by the index-finger and middle 
finger of the user respect ively .A middle switch push button 
13 is arranged on side wall of the hous i ng , contro 1 lab 1 e by 
ring finger of the user. The user can aove the * finger 
controllable member 3 by thumb finger for moving the cursor 
on the computer display. 

The arrangement of this embodiment meets the 
requirements of economics, facilitating the user to hold 
and operate the device by single hand, especially suitable 
to be applied to seminars. In this manner, the user may 
control the cursor positioning device by e i ther holding i t as 
a remote controller or placing it on a desk . To satisfy this 
requ i rement , the cursor positioning device may use known 
wireless control technique, such as infrared ray or radio 
frequency transmiss ion , f or data communication. 
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Fig. 9 shows a perspective view of the cursor 
positioning device in accordance with the fourth embodiment 
of the present invention. Fig. 10 shows the exploded view of 
the cursor positioning device shown in Fig. 9. The structure 
of this eabodiaent is similar to the second embodiment as 
shown in Fig. 6, except that the upper housing 15 is provided 
with two X-axis guide slots 152 and 154 .and two Y-axis 
guide slots 151 and 153. A X-axis slidable bar 43 is 
slidable along the guide slots 152 and 154, and a Y-axis 
slidable bar 53 is slidable along the guide slots 151 and 
153 t by means of noving the finger controllable aeaber 3. The 
finger controllable aeaber 3 is composed of an upper case 
311a and a lower case 313a for moving the slidable bars 43 
and 53 either in X-direction or Y-direction moveaent. 

The X-axis slidable bar 43 is provided with two guide 
extensions 431 and 432 at two opposite ends thereof. A 
magnetic aeaber 433 and a saooth aeaber 435 are attached to 
the bottom surface of the guide extension 431 in sequence, 
and a magnetic member 434 and a smooth member 436 are ' 
attached to the bottom surface of the guide extension 432 
in sequence . Correspondi ng I y , the X-axis slidable bar 41 is 
provided with two guide extensions 411 and 412 at two 
opposite ends thereof. A magnetic member 413 and a smoooth 
member 415 are attached to the top surface of the guide 
extension 411 in sequence, and a magnetic member 414 and a 
saooth member 416**are> attached to the top surface*, of the. 



guide extension 412 in sequenc .In such an arrangement, the 
X-axis slidable bar 43 nay be slid along the X-axis guide 
slots 152 and 154 when the user moves the finger 
controllable member 3 in X-direction. causing the X-axis 
slidable bar 41 to move and the flexible encoder 417 is 
rotated in response to the moving direction of the finger 
controllable member 3, by means of the magnetic force. A 
photo detector 7a with a calibrating photo encoder 72 is 
arranged to detect the rotation of the flexible encoder 417. 
The detected rotation signal will be transmitted to the 
control circuit board 18 for further processes. 

Similarly, the Y-axis slidable bar 53 is provided with 
two guide extensions 531 and 532 at two opposite ends 
thereof. A magnetic member 533 and a smooth member 535 are 
attached to the bottom surface of the guide extension 531 
in sequence and a magnetic member 534 and a smooth member 
536 are attached to the bottom surface of the guide 
extension 532 in sequence. Correspondingly, the Y-axis 
slidable bar 51 is provided with two guide extensions 511 
and 512 at two opposite ends thereof. A magnetic member 513 
and a smooth member 515 are attached to the top surface of 
the guide extension 511 in sequence, and a magnetic member 
514 and a smooth member 516 are attached to the top surface 
of the guide extension 512 in sequence. In such an 
arrangement, the Y-axis slidable bar 53 may be slid along 
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the Y-axis guide slots 151 and 153 when the user moves the 
finger controllable member 3 in Y-d i rect i on , caus i ng the 
Y-axis slidable bar 51 to move and the flexible encoder 517: 
is rotated in response to the moving direction of the 
finger controllable member 3. by means of the magnetic 
force. A photo detector 6a with a calibrating photo encoder 
62 is arranged to detect the rotation of the flexible 
encoder 517. The detected rotation signal is also 
transmitted to the control, circuit board 18 for further 
processes. 

Fig. 11 shows a perspective view of the cursor 
positioning device in accordance with the fifth embodiment 
of the present invent ion. - Fig. 11 shows the exploded view of 
the cursor positioning device shown in Fig. 11. The 
structure of this embodiment is similar to the first 
embodiment as shown in Fig. 3, except that the upper housing 
15 is provided with two U-shaped guide slots 152 and 154. A 
X-axis slidable bar 43 is slidable, along the U-shaped 
guide slots 152 and 154 by means of moving the finger ' 
controllable member 3. The finger controllable member 3 is 
composed of an upper case 311, a magnetic member 312. a 
lower case 313, and a smooth member 314, capable of moving 
the slidable bar 43 in X-direction and moving along the 
slidable bar 43 in Y-direction. 

An inside slidable member 34 is arranged within the 
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inner space 16 of the cursor positioning device 1, which is 
Provided with a saooth aeaber 315. a aagnetic aeaber 317. and 
a cover aeaber 319.Vhen the user moves the finger 
controllable aeaber 3 on the top surface of the upper 
housing 15. the inside slidable aeaber 34 is aoved in 
response to the aoveaent of the finger controllable aeaber 
3. by aeans of aagnetic force berween the aagnetic aeobers 
312 and 317. A X-axis photo detector 6 may detect the 
aoveaent of the X-axis photo encoder 4. and a Y-axis photo 
detector 7 aay detect the aoveaent of the Y-axis photo 
encoder 5. The detected aoveaent signal is transaitted to 
the control circuit board 18 for further processes. This 
eabodiaent has advantage of a rather siaple 
structure. because only a X-axis slidable bar 43 and a 
finger controllable aeaber 3 are arranged on the upper 
housing, and the inside slidable aeaber 34 is aoved by 
aeans of aagnetic force. 

Fig. 13 shows a perspective view of the cursor 
Positioning device in accordance with the sixth eabodiaent 
of the present invent ion ..F ig . 14 shows the exploded view of 
the cursor positioning device shown in Fig. 13. The 
structure of this eabodiaent is siailar to the fifth 
eabodiaent as shown in Fig. ll.except that the upper housing 
15 is provided with two X-axis guide slots 152 and 154. and 
two Y-axis guide slots 151 and 153. The X-axis slidable bar 
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43 is provided with two opposite transverse plates 431 and 
432 at two ends. Further, the transverse plate 431 is 
integrally formed with a downward mounting plate 431a, 
and the transverse plate 432 is integrally foraed with a 

5 downward mounting plate 432a. The transverse plates 431 and 

432 are designed to be suitable to mounted into the through 
slots 411a and 412a formed at two ends of the X-axis photo 
encoder 4 respectively. S i m i 1 ar 1 y , the Y-axis slidable bar 
53 is provided with two opposite transverse plates 531 and 

10 532 at two ends. The transverse plate 531 is integrally 

formed with a downward mounting plate 531a, and the 
transverse plate 532 is integrally formed with a downward 
mounting plate 532a. The transverse plates 531 and 532 are 
designed to be suitable to mounted into the through slots 

15 511a and 512a formed at two ends of the Y- axis photo 
encoder 5 respectively. In such an arrangement, the X-axis 
slidable bar 43 and the Y-axis slidable bar 43 may. directly 
move the X-axis photo encoder 4 and the Y-axis photo 
encoder 5 respectively when operating the finger* 

20 controllable member 3. 

The movement of the photo encoder 4 and 5 may be 
detected by the photo detectors 6 and 7 respectively 
mounted on side walls of the inside slidable member 34. and 
the detected movement signal is transmitted to the control 

25 circuit board 18 for further processes. 
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Fig. 15 shows a perspective view of the cursor 
positioning device in accordance with the seventh 
embodiment of the present i nvent i on . The structure of this 
embodiment is siailar to the sixth embodiment as shown in 
Fig. 13, except that the guide slots 151 , 152 , 153 . and 154 
formed on the upper housing 15 are in a form of sloping 
structure, preferably at a outward slope of 45 degrees. 
Correspondingly, the downward mounting plates formed on the 
slidable bars 43 and 53 are in a form of inward sloping 
structure to match the sloping structure of the guide 
slots. The purpose of the sloping structure of the guide 
slots may get a better water-proof and dust-proof effect. 

Fig. 16 shows a perspective view of the cursor 
positioning device in accordance with the sixth embodiment 
of the present invention. Fig. 17 shows the exploded view of 
the cursor positioning device shown in Fig. 16. The structure 
of this embodiment is similar to the fourth embodiment as 
shown in Fig. 9, except that the upper housing 15 is provided 
with four though, holes 156,157, 15o. and 159. Bes ides , the 
X-axis slidable bar 43 is provided with a pair of fastening 
holes 431b and 432b, and the X-axis photo encoder 4 has a 
pair of fastening holes 411b and 412b, so that the X-axis 
Photo encoder 4 may be connected with the X-axis slidable 
bar 43 by means of vires 33 via through holes. for example 
156 and 159, on the upper housing 15. Simi larly .the Y-axis 
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slidable bar 53 is provided with a pair of fastening holes 
531b and 532b, and the Y-axis photo encoder 5 has a pair of 
fastening holes 511b and 512b. 

Fig. 18 shows a perspective view of the cursor 
positioning device in accordance with the ninth embodinent 
of the present i n ven t i on . F i g . 19 shows the exploded view of 
the cursor positioning device shown in Fig. 18. The structure 
of this embodiment is similar to the eighth embodiment as 
shown in F ig . 16 , except that the upper housing 15 is 
provided with three through holes 157, 158, and 159 instead 
of four through ho 1 es . Bes i des , both the X-axis photo encoder 
4 and the Y-axis photo encoder 5 are designed to have a 
disc structure with circular encoder. The shaft 421 of the 
X-axis photo encoder 4 with a ball bearing 422 is located 
at a bearing seat 14c. A guiding wire 424 having a central 
winding portion 424a winds around the shaft 421 of the 
photo encoder 4, and its two ends are fastened to a pair of 
fastening holes 532b of the Y-axis slidable bar 53 
respectively via several guide tubes 423 and through holes 1 
158 and 159 . S i m i 1 ar 1 y , t he shaft 521 of the Y-axis photo 
encoder 5 with a ball bearing 522 is located at a bearing 
seat 14d.A guiding wire 524 having a central winding 
portion 524a winds around the shaft 521 of the photo 
encoder 5, and its two ends are fastened to a pair of 
fastening holes 432b of the X-axis slidable bar 43 
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respectively via several guide tubes 523 and through holes 
157 and 158. A photo detector 6a with a calibrating photo 
encoder 82 is mounted on a vertical seat 14a closed to the 
position of the X-axis photo encoder 4. so as to detect the 
rotation of the X-axis photo encoder 4. A photo detector 7a 
with a calibrating photo encoder 72 is nounted on a 
vertical seat 14d closed to the position of the Y-axis 
photo encoder 5, so as to detect the rotation of the Y-axis 
photo encoder 5. When the user moves the X-axis slidable bar 
43 and Y-axis slidable bar 53 by operating the finger 
controllable member 3 which is composed of an upper case 
311 and a lower case 313, the photo encoders 4 and 5 will 
rotate. The X-axis photo detectors 6a and Y-axis photo 
detector 7a are capable of detecting the rotation of the 
photo encoders 4 and 5 respect i ve 1 y , and the detected 
■oveaent signal is transmitted to the control circuit board 
18 for further processes . Because both the photo encoders 4 
and 5 of this embodiment are in a circular form, it requires 
smaller operating space compared to the previous 
embodiments described above. 

Figs*20A to 20F show the structure and signal waveform 
-of the photo encoder and the photo detector in accordance 
with the pointing device of the present invent i on . Th is 
embodiment uses two photo transistors to detect the light 
beam of a LED. The photo encoder 4 has two printed pattern 



- 29 - 



lines as shown in Fig. 20A. Both the printed pattern line has 
a series of Bask sections and transparent sections 
interleavely with uniform width, but with 90 degrees phase 
difference therebetween . When the photo encoder 4 is moved 
relative to the photo detector 6 as shown in Fig.20C,the 
light generated by the LED 61 will be detected by the photo 
detector 63 via the photo encoder 4 and the calibrating 
photo encoder 62 . Theref ore » the photo detector 63 generates 
a series of binary pulse signals and transmits the signals 
to the control circuit board 18. Under performance of the 
control circuit as shown in Fig. 25 and the control flows as 
shown in Fig.27A to 27C. the moving direction of the photo 
encoder may be detected according to the binary pulse 
s igna Is . 

Referring to Fig.20A again.it shows that one end of the 
X-axis photo encoder 4 has a transparent end section 
4Cl»and the other end thereof has a mask end section 
4C2.The purpose of the transparent and mask end section is 
to serve as a left margin Xmin and a right margin Xmax of 
the X-axis photo encoder . S i m i lar iy , the Y-axis photo encoder 
has a left margin and a right margin. It is to be understood 
from this arrangement that the margin are obtained directly 
from the photo encoder capable of providing digital form 
signal .Obviously, the present invention is different . from 
the prior art and it is easier to design a control program 
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for determination. 

Alternatively, the photo encoder 4 of the present 
invention may have an end section 4C3 combining a 
transparent line and a mask line as shown in Fig. 
20F, instead of the end section 4C1 and 4C2 shown in 
Fig.20A.In performance, both the signals XA and XB will be 
changed in phase at the same time after reaching the 
margin of the photo encoder 4 and exceeding a distance of 
1/4 period. On the contrary, the phase of signal XA or XB 
will be changed when it does not reach the margin of the 
Photo encoder. So. the control circuit of the present 
invention may detect whether the phase of the signals XA 
and XB is changed at the same time to determine whether the 
photo encoder reaches its margin or not. 

Table I is a state table which shows when a computer 
system connected with the cursor positioning device of the 
present invention receives the signals XA and XB.the 
computer can determine the moving direction X* or X- of the 
positioning device according to the binary value of the 
signals XA and XB.The computer may get a flag Xmax and a 
flag Xmin according to the signal X* and X- 
respectively.and then store the status of the flags into a 
register. 



25 TABLE I 



15 



20 
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12 3 4 
XA 0 1 1 0 
XB 0 0 1 1 



X+direction 
XA 1 1 0 0 

XB 0 1 1 0 
X-direct ion 
XA 0 0 1 1 
XB 1 0 0 1 

Xnax 1 
1 

Xnin 0 

0 

Flag^Xoan Xoin X + 

Register:Xreg.X-»reg, X-reg, Xmax reg , Xb in reg 



Referring to Fig. 2GB Again, it shows a perspective view 
of the X-axis photo detector 6 suitable to use the photo 
encoder as shown in Fig.20A.The photo detector . i s . composed 
of a LED 61. a fixed calibrating photo encoder 62. and a 
photo transistor 63. The arrangement of the components of 
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the photo detector and the movable photo encoder 4 is 
illustrated in Fig.20C.As shown in the drawing. the photo 
encoder 4 is arranged between the fixed calibrating photo 
encoder 62 and the LED 61 . Therefore. the light bean 
transmitted by the LED 61 may either reach to the photo 
transistor 63 via the movable photo encoder 4 or be 
obstructed by the photo encoder. The fixed calibrating photo 
encoder 62 has a series of printed patterns including 
transparent sections and Bask sections interleave^ as 
shown in Fig.20D.and the width of the printed pattern is 
designed to correspond to that of the movable photo encoder 
4. In a preferred embodiment of the present invention, the 
■ovable photo encoder 4 is very close to the fixed 
calibrating photo encoder 62. so that the light beam 
15 generated by the LED 61 reaches the photo transistor 63 
though the movable photo encoder 4 without light diffusion. 
Fig.20E shows a series of pulse signals XA and XB generated 
by the photo detector assembly. 

It is noted that the movable photo encoder 4 of the 
Present invention is equipped with interleaved printed 
patterns and the movable photo encoder 4 is designed to 
close to the fixed photo encoder 62 in space when moving, 
capable of generating a series of ON and OFF signals. Due to 
this special design. the pitch of the encoder is possible to 
25 reach 320 patterns per inch. The prior art requires laser 



20 
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beam LEDs to get the effect of high density p i tch , otherw i se 
the conventional photo detector will have series light 
diffusion prob lei . These prior art problems can be siaply 
overcome by the present invention* 

5 Alternatively, the present invention may use four photo 

transistors structure as shown in Figs.21A to 21F, instead 
of two photo transistors embodiment as described above. The 
fixed photo encoder 62a has a wider mask section 62aa,the 
width of which is 1*5 times the other mask section or 

10 transparent section of the fixed photo encoder 62a. When the 
photo transistors 63a and 63b move, the computer may 
determine the moving direction of the movable photo encoder 
according to the binary value detected by the photo 
trans istors , under control of the control circuit shown in 

15 Figs. 26 and 30. In addition. the movable photo encoder 4a has 
two end mask sections 4aa and 4ab at two ending margins 
thereof. The width of the end mask sections is two times the 
other mask section or transparent section of the movable 
photo encoder .So, the photo transistors 63a and 63c have same 

20 phase when the movable photo encoder 4a does not reach 
margin area. The photo transistors 63a and 63c have contrary 
phase when the end mask section 4aa reaches to a position 
between the photo transistors 63c and 63a. Therefore, the 
present invention may determine whether the movable photo 

25 encoder reaches the maximum limited margin Xmas.Simi lar ly , 
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the miniaun limited margin Xain lay be determined by 
detecting whether the other end mask section 4ab reaches 
the area between the photo transistors 63b and63d. Fig.21C 
further shows a top plan view of the LED 61a, the fixed 
Photo encoder 62a, the movable photo encoder 4a. and the 
photo transistors 63c and 63a of Fig.21A. 

Fig.21D shows a series of X-axis signal pulses 
generated by the arrangement shown in Fig. 21C. under control 
of the control circuit shown in Fig. 26 and the firmware 
shown in Fig. 30. The X-axis signals XA.XB.XC.and XD in a 
form of binary value will be supplied to the control 
circuit board 18. The present invention aay easily 
deteraine the aoving direction and aargin according to the 
binary va 1 ue . Because the signals are obtained froa the 
aavable photo encoder, the control circuit, and the 
firmware. it is possible to siaplify the control prograa 
and control circuit. As to the operation of the Y-axis, it is 
the same as the X-axis operation described above. 

Fig.21E shows the second eabodiaent arrangeaent of phot 
encoder in accordance w,ith the present invention. which is 
similar to the eabodiaent shown in Fig. 21C. except for the 
design of the fixed photo encoder 62a. As shown in the 
drawing, a double width aask " section 62aa is further 
Positioned between the photo transistors 63c and 63a. The 
width of the aask section is two tiaes the mask section cr 
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transparent section of the fixed photo encoder 62a. In such 
an arr angemen t , the photo transistors 63C and 63a will 
generate contrary phase signal when the positioning device 
of the present invention does not reach margin. On the 
contrary, the photo transistors 63C and 63a will generate 
the same phase signal vhen the positioning device reaches 
margin, by detecting whether the double width mask section 
62aa enters a region between the photo transistors 63c and 
63a . 

Fig.21F shows the third embodiment arrangement of the 
photo encoder in accordance with the present 
invent ion, which is also similar to the embodiment shown in 
F ig. 21C, except for the design of the movable photo encoder 
4a and the distance between the photo transistors 63c and 
63a. As shown in the drawing. a narrow separation in space 
exists between the photo transistors 63a and 
63c , corresponding to the distance of two mask sections or 
two transparent sections of the movable photo encoder 4a. In 
such an arrangement ; the output signals generated by the 
transistors 63c and 63a have the same phase when the 
movable photo encoder does not reach margin. On the 
contrary, the output signals generated by the transistors 
63c and 63a has contrary phase when the movable photo 
encoder reaches margin. 

Figs.22A to 22D show a preferred photo encoder 
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structure suitable to be used by the ninth embodiment of 
the present invention described above. As shown in 
Fig.22A,the photo encoder 4 is in a circular form. One end 
of the circular photo encoder is formed as a transparent 
section 4cl. while the other end thereof is forned as a mask 
section 4c2,for the purpose of determining the left margin 
Xa i n and the right margin Xmax.In addition, the circular 
photo encoder 4 is composed of two circular patterns, the 
outer circular pattern is used to generate the signal XA 
and the inner circular pattern is used to generate the 
signal XB.The margin signals in a digital form may be 
directly generated by detecting the movable photo 
encoder, so that the control program of the cursor 
positioning device is rather simple. 

Figs.23A to 23H show a preferred structure of the photo 
detector suitable to be used in the first embodiment 
through the eighth embodiment described above . F ig . 23A shows 
a perspective view of the finger controllable member 3, and 
Fig.23B shows a bottom perspect ive view of the finger 
controllable member . Fig.23C shows an exploded view of the 
X-axis photo detector according to a preferred embodiment 
of the present invention, wherein the upper case 66 is 
mounted with a LED 61 and the lower case 67 is mounted with 
a photo transistor 63. The upper case 66 is provided with a 
recess 65 for the X-axis movable photo encoder 4, so that 
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the photo transistor 63 may generate digital phase signals 
XA and XB by detecting the movement of the photo encoder 
4. A calibrating photo encoder 62 is further attached to the 
upper surface of the photo transistor 63. A cover plate 64 
is used to cover and protect the LED 61 and the photo 
transistor 63.Fig.23D is a bottoa perspective view of the 
upper case 66, further illustrating the formation of the 
recess 65.Fig.23E. 23F, 23G, and 23H show the front 
elevational view, the rear elevational view, the left side 
view, and the right side view of the photo detector 
respectively after assembly. 

Fig. 24 is a perspective view showing another embodiment 
of the photo detector, instead of the structure shown in 
Fig. 23. In this embod i men t , the X- axis and Y-axis photo 
detectors 6 and 7 are arranged in a stack structure for 
further saving installation space. The X-axis photo detector 
6 includes a LED 61. a fixed calibrating photo encoder 62. a 
photo transistor 63, and a cover plate 64.A X-axis movable 
photo encoder (not shown) may be slidable through the 
recess 65 formed on the upper case of the photo detector 
6. The Y-axis photo detector 7 includes a LED 71 f a fixed 
calibrating photo encoder 72, a photo transistor 73, and a 
cover plate 74. A Y-axis movable photo encoder (not shown) 
may be slidable through the recess 75 formed on the upper 
case of the photo detector 7. 
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Fig. 25 is a detail control circuit diagram with two 
sets of photo detecting circuits. suitable to be applied to 
Fig. 20. A X-axis photo detecting circuit 81 includes a LED 
61 for generating a light beam. A first photo transistor 63a 
■ay detect the light beaa and then output a phase signal 
XA.and the second transistor 63b may also detect the light 
beam and then output a phase signal XB.Simi larly. A Y-axis 
Photo detecting circuit 82 includes a LED 71 for generating 
a light beam. A first photo transistor 73a may detect the 
light beam and then output a phase signal YA.and the second 
transistor 73b may also detect the light beam and then 
output a phase signal YB.The detected X-axis and Y-axis 
Phase signals are supplied to a processing circuit 83 for 
further processes. A switch circuit 84 is electrically 
connected to the processing circuit 83, which includes a 
left switch 11a. a right switch 12b. and a middle switch 
13c. The control circuit is provided with a voltage 
regulating circuit 85 for supplying a stable power 
source. An output circuit 86 is used to amplify the output 
signal supplied from the processing circuit 83 and then 
supply the amplified output signal to a host computer (not 
shown) via transmission lines. 

Fig. 26 is a detail control circuit diagram with four 
sets of photo detecting c i rcu i ts . wi th reference to the 
Photo detector shown in Fig. 20. In this embodiment. the 



- 39 - 



X-axis phase signals are detected by two photo detecting 
circuits81 and 81a. The first X-axis photo detecting circuit 
81 includes a LED 61a for generating a light beam which 
will be detected by the photo trans istors 63a and 63b. The 

5 second X-axis photo detecting circuit 81a includes a LED 

61b for generating a light beam which will be detected by 
the photo transistors 63c and 63d. The Y-axis phase signals 
are detected by two photo detecting circuits82 and 82a. The 
first Y-axis photo detecting circuit 82 includes a LED 71a 

10 for generating a light beaa which will be detected by the 
photo transistors 73a and 73b. The second Y-axis photo 
detecting citcuit 82a includes a LED 71b for generating a 
light beaa which will be detected by the photo transistors 
73c and 73d. The detected X-axis and Y-axis phase signals 

15 are supplied to a processing circuit 83 for further 
processes. A switch circuit 84 is connected 

to the processing circuit 83. which includes a left switch 
11a, a right switch 12b, and a middle switch 13c. /The control 
circuit is provided with a voltage regulating circuit 85 

20 for supplying a stable power source. An output circuit 86 is 
used to amplify the output signal supplied from the 
processing circuit 83 and then supply the amplified output 
signal to a host coaputerCnot shown)via transmission lines. 
Referring to Fig.27A, the computer first sets the 

25 transmission rate, start bit. end bit, and data length of the 
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communication port RS232 in step F2, followed by performing 
system initialization step Fl. In step F3, all flag 
status , reg isters, and associated valuesfor determination of 
operating speed are c 1 eared. Thereafter , the computer reads 
the digital value of the phase signals XA,XB. YA.and YB.and 
finds out corresponding values of the X* , X- . Xmax , and Xmin 
from the state table of TABLE I as listed previously (only 
show the state of X-axis) , and then stores the values for 
further coapar ison . The computer reads the values 

XA,XB,YA,and YB again in step FS.and then compares these 
values with the first read values, to determine whether the 
status is changed or not. If the status is not changed, it 
indicates the finger controllable member of the cursor 
positioning device has no movement, and the procedure will 
return to read the XA, XB » YA, and YB again. On the contrary. if 
the status is changed, a X-mode determination procedure 
outlined by dot line as shown in Fig.27A.is per for med. There 
are four possible status i.e. (0,0) . (1 , 0) , (1 . 1) , and (0,1) 
to be compared with the previous status. The computer may 
get the information about the moving speed of the cursor 
positioning device by calculating the time of changing of 
the various status. Typica i ly , the system clock of the 
computer is ranged from 4 to 8 KHz nowadays. In practice.it 
is found that the normal operating speed that the user 
moves the finger controllable member of the cursor 
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positioning device is belov 5KHz. Theref ore . the computer 
oay easily detect the operating speed of the cursor 
positioning device. 

The computer oay determine the position of the cursor 
with reference to TABLE I above and the pulse signal listed 
in Fig.20E.At first, the coaputer supposes the previous 
status is (0,0) in step F9. In case that XA = 1 and XB=0,it 
indicates the finger controllable aeaber is aoved to 
direction X*, while in case that XA=0 and XB=l,it indicates 
the finger controllable aember is noved to direction X-.In 
case that XA=1 and XB=1, it indicates the finger 
controllable member either reaches a ainimua linit or 
maximum limit dependent on whether the flag X+flag is set 
or not. After these determinations, various flag status 
X+ , Xm i n , Xaan , ect.are obtained, and then these flag status 
are accumulated in predetermined registers for further 
judgment for the control program. So, in practical 
operation, the user just siaply moves the finger 
controllable member to the left upper corner of the device 1 
to perfora zero position initialization/and then the device 
can generate correct X-axis and Y-axis absolute coordinate 
values. 

Figs.27D is a subprogram flow chart, of the control 
program, explaining how the cursor is aoved to positive 
d irect ion , wh i le Fig* 27E is a subprogram flow chart of the 
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control program, explaining how the cursor is moved to the 
other direct ion. The displacement of the cursor moving on 
the computer display is proportional to the moving distance 
of the finger controllable member. The factor of the 
proportion depends on the aoving speed of the finger 
controllable member. The purposes of these procedures are as 
fol lows- 

1 . To limit the displacement of the finger controllable 
member to a range about 16mm or less. Inspiteful ly, the 
movement of the cursor repesenting on the computer display 
is not effected by the shorten displacement, and the 
different moving speed of the finger controllable 
member . So , the present invention does not have the problems 
of the prior art that the finger controllable member 
already reaches a margin of the positioning device but the 
cursor not reaches a corresponding margin on the computer 
screen, nor the finger con tro 1 lab le member not yet reaches a 
margin of the positioning device but the cursor already 
reaches a margin on the computer screen. 

2. When the cursor on the display moves to any desired 
position thereon, there are necessary fine displacements 
around the position. 

3. The moving speed and located position of the cursor on 
the display can always match that of the finger 
controllable member , resu 1 t ing in a smooth, fast, and precise 
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movement in operation. 

4. The finger controllable member in each axis, for example 
X- axis, has two registers for positive directional 
performance and two registers for negative directional 
per f or nance . The respective value recorded in the positive 
and negative registers is mutual assoc iated, so that the 
finger controllable member may return to its original point 
and the cursor on the display may also return to its 
original point. 

The various symbols used in the control program flow 
chart are defined in TABLE I as follows: 



TABLE I 



VX represents the operating speed of the finger 
controllable member, and also provides a predetermined value 
as a reference value for speed determination. 
V(l-n) represents the different moving speed of the finger 
controllable member and the setting of speed level 
reference value. 

CI represents the maximum displacement of the finger 
controllable member at minimum speed level. 

C2 represents the maximum displacement of the finger 
controllable member at second speed level. 

C3 represents the combined disp4ac«Be-at"'~of • the* finger 
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controllable member, C1+C2=C3. 

K(l-n) represents various reference constants at different 
speed level and the mutual relationship of various speeds 
of the finger controllable member. 

V(l-n)XU-n) represents the displacement of the finger 
controllable member at different speed level. 
VIXl+reg is a register for registering the displacement of 
the finger controllable member in positive direction at 
lowest speed level. 

V2X2+reg is a register for registering the displacement of 
the finger controllable member in positive direction at the 
second speed level. 

VIXl-reg is a register for registering the displacement of 
the finger controllable member in negative direction at 
lowest speed level. 

V2X2-reg is a register for registering the displacement of 
the finger controllable member in negative direction at the 
second speed level. 



The fo raulas used in the control prograi flov chart are 
defined in TABLE I as follows: 



TABLE I 



Foraula 1. C1*C2=C3 
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formula 2. Kn= (n-1 ) K2- (n-2) Kl n>=3.K2>Kl 
formula 3. (K1*C1 ) ♦ (K2*C2) =the displacement of the display 
formula 4. Kn*VnXn=K2sV2X2+Kl*VlXl 
formula 5. VnXn=V2X2*VlXl 
5 _ — = 

The VX represents the moving speed of the finger 
controllable member, changing among at least two different 
moving speeds, such as VI, V2. V3, and so on. Different 
proportional factor K are appointed to correspond to the 

10 different moving speeds. That is, the factor K is a constant 
representing that the displacement of the cursor moving on 
the display is proportional to the detected displacement of 
the finger controllable member on the effective area of the 
positioning device. For examp le , f actors Kl and K2 may be 

15 various combinations, such as < 1 , 2) (1 . 3 ) (1 . 4) (2 , 4) , and so. 
on, wherein the value of Kl and K2 may be a default value as 
a parameter for device driver pr ogr am , wh i ch is selected by 
the user. It is therefore possible to determine the 
displacements CI and C2 with reference to formula 1 and' 

20 formula listed above. at both the first speed level and the 
second speed level. In a preferred eibod i ment , CI and C2 may 
be a default parameter according to the resolution of the 
computer display used. When the resolution of the display is 
increased, the scale of the constant value K2 may be 

25 increased cor respond i ng I y , so that the cursor can be moved 
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in a fine displacement operating aode which can natch the 
ninimum pixel displacement requirements of various display 
resolutions. In such case, due to K2 is increased in 
accordance with the increment of the display reso 1 ut ion . the 
■iniaua pixel displacement is correspondingly, decreased. As 
result. the movement of the cursor on the display is .very 
smooth . 
Examp le : 

Supposing that the display resolution at X-axis of the 
display is 640;the displacement of the photo encoder is 
about 15.68 ( i . el96?0. 08mm) ; 
640=(1+C1)«-(4*C2),K1 = 1.K2=4 
196=C1+C2 

C2=148.C1=48 

In case that the display resolution at X-axis of the 
display is 1024; 

1024=(1-C1)-(7*C2),K1=1,K2=7 

196=C1-C2 

C2=138,C1=58 

When the display resolution is increased from 640 to 
1024. the distance from pixel to pixel is decreased. So. in 
spite of K2 is changed from 4 to 7. it will not effect the 
smooth performance of the cursor moving on the display. In 
fine operation mode of the present invent ion . the cursor can 
be moved at precise displacement from pixel to pixel on the 
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display.no natter the change of the display reso 1 ut ion . It 
is to be understood that the present invention can overcome 
the problem that the cursor moves more than one sections 
when the finger controllable member only moves one section 

5 by decreasing the displcement C3 rather than changing the 

transparency of the photo encoder, compared with the prior 
art, for example the section of the photo encoder is 
changed from 320 to 200 sections. 

Fig. 27 D is a subprogram flow chart of the control 

10 program, explaining hov the cursor is moved to a positive 
direction, while Fig. 27E is a subprogram flow chart of 
the control program, explaining how the cursor is moved to 
the other direction, represented as HI and H2 respectively 
in Fig.27A. When the finger controllable member is moved in 

15 positive direction, the value stored in positive 
directional registers VIXl+reg and V2X2+reg will be 
increased. Correspondingly* the value stored in negative 
directional registers VIXl-reg and V2X2-reg will be 
decreased in accordance with the increment of the positive 

20 directional registers. When X-axis coordinate is minimum, 
the value stored in register VIXl+reg is 0. VIXl-reg is 
equal to value of CI. V2X2=reg is 0, and V2X2-reg is equal 
to value of C2; when X-axis coordinate is maximum, the 
value stored in register VlXl+reg is equal to value of CI, 

25 VlXl-reg is 0. V2X2+reg is equal to value of C2. and 
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V2X2-reg is 0. The noved displacement of the finger 
controllable meaber at the third speed level is transfered 
to temporary values VlXl*and V2X2*by using formulas 4 and 5 
listed in TABLE I. Thereafter, the temporary values are 
stored in registers VIXl+reg and V2X2*reg respectively, and 
then the value of reference constant K3 may be calculated 
by using formula 2 listed in TABLE I. After these 
procedures, the finger controllable member may correctly 
return to original position, and the cursor on the display 
may also correctly return to original position. 
For example: 
K1=.K2=4 

K3=(n-l)K2-(n-2)Kl 
= (3-1)4- (3-2) 1 
=7 

The result indicates that in case the displacement of the 
finger controllable member is equal 1, the movement of the 
cursor on display will be equal to 7. Then, the 
displacement of the finger controllable member at the third 
speed level may be transfered and stored in registers 
VIXl+reg -and V2X2*reg by using formulas 4 and 5 listed in 
TABLE I . 

K3*V3X3*=K2*V2X2*+kl*VlXl 

V3X3*=v2X2*+vlxl+ 

7tl=4iV2X2**vlXl- 
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1=V2X2+*V1X1+ 
V2X2+=+2. VlXl+=-l 

It is noted, in this case, the increment of V2X2+reg is 2, 
and the decrement of VIXl+reg is 1. 
5 The result indicates that the value stored in registers 

V2X2+reg and VIXl+reg at positive direction (i.e., 
V2X2+reg+VlXl+reg=2+ (-1) =1) matches the real displacement 
of the finger contro 1 lab le member at the third speed level. 
Further, 

10 formula 3'- (K1$C1) + (K2*C2) =the displaceaent of the display 
KlXVlXl+reg+K2VV2X2*reg=the displacement of the display 
that is, (ls-l)+(4*2)=7 

It indicates the same result that the displacement of the 
cursor on display is equal to 7 when the finger 

15 controllable ©ember is moved at the third speed level. The 
displacement of the finger controllable member at the third 
speed level is transferred into temporary values V2X2+and 
VIXl+by formulas 4 and 5 listed in TABLE I, and then the 
temporary values are stored in registers V2X2«-reg and 

20 VlXl=reg. respectively. 

It is obvious that the moving speed and positioning 
of the cursor on display may match that of the finger 
controllable member in accordance with the present 
invention, with advantage of smooth, fast, stable, and 

25 precise moving performance. The cursor positioning device 
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of the present invention is provided with two positive 
directional registers and two negative directional 
registers. The value stored in the positive directional 
registers and the negative directional registers is always 
mutually associated, so that the finger controllable member 
may correctly return to original position and also the 
cursor say correctly return to original position 
corresponding ly . 

It is noted that the present invention adapts autual 
association method by means of the positive directional 
registers and the negative directional registers. The 
definition of the positive directional registers and the 
negative directional registers is only for the purpose of 
better understanding. Alternatively, it is also possible to 
use two positive registers to achieve the same performance. 

After the main program finishes the determination 
procedure in direction X*as described above, the procedure 
determines whether VX is less than or equal to a 
predetermined reference speed in step F41 of Fig. 27D. If 
yes. it indicates the speed of the finger controllable 
member is less than a lower Unit speed VI. i.e. the first 
speed level. In step F42. it further determines whether the 
value stored in register VIXWeg of the first speed level 
is larger than or equal to a constant CI. If no. the 
displacement of the cursor is set to be proportional to 
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that of the finger controllable aember times a constant Kl. 
and then in step F43 increasing the value of VIXl+reg, 
decreasing the value of VIXl-reg, and transmitting the 
value to coaputer. If the value stored in register VIXl+reg 
of the first speed level is larger than or equal to a 
constant CI, it indicates that VIXl+reg reaches a maximum 
value. In such a case, the displaceaent of the cursor will 
be set to be proportional to that of the finger 
controllable aember tiaes a constant K2, and then in step 
F46 increasing the value of V2X2+reg, decreasing the value 
of V2X2-reg, and transmitting the value to computer. 

If the result in step F41 is no, it indicates that the 
finger controllable aember is at an upper limit of the 
reference speed VI. In step F44, it further judges whether 
VX is at an upper limit or at a lower liait of the 
reference speed V2. In case VX is at an lower liait of V2, 
a step F45 is performed to judge whether the value stored 
in the register V2X2+reg is maxiaua value or not. If yes. 
the displacement of the cursor will be set to be 
proportional to that of the finger controllable aeaber 
tiaes a constant Kl; if no, the displaceaent of the cursor 
will be set to be proportional to the displacement of the 
finger controllable member tiaes a constant K2. 

In case that only three speed levels are presented in 
the cursor positioning device, the terminal syabols A and B 
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are combined together. In this case, if the result in step 
F44 is no, the step F47 is performed to read the left count 
regained in the positive register V2X2*reg. If the value of 
R2*V2X2-reg is less than that of K3. the displacement of 

5 the cursor will be set to be proportional to that of the 

finger controllable member times a constant K2, and then 
the procedure flows to step F46 to avoid a situation that 
the cursor value exceeds over the display margin when the 
performing speed of the cursor positioning device exceeds 

10 that of the reference speed V2. This also avoid a problem 
that the cursor does not return to original position. If 
the result in step F47 is no, the step F48 is performed to 
judge whether the register V2X2+reg is larger than or equal 
to a maximum value. If yes. the displacement of the cursor 

15 will be set to be proportional to that of the finger 
controllable member times a constant Kl; if no, it indicates 
that the register V2X2+reg remains left value and the 
displacement of the finger controllable member in positive 
direction at the third speed level can be transferred and 

20 stored in the register VlXl+reg and V2X2+reg. Then, in step 
F49. the procedure judges whether the amount of fine 
displacement in positive direction exceeds a half of the 
direction. If no, step F46 is performed to set the 
displacement of the cursor proportional to the displacement 

25 of the finger controllable member times a constant K2; if 
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yes, the procedure flows to step F50, decreasing the value 
of VIXl+reg, increasing the value of VIXl-reg, adding the 
value of V2X2+reg by 2, decreasing the value of VIXl-reg, 
and subtracting the value of V2X2-reg by 2. Under this 
procedure, when the finger controllable Member is operating 
at the third speed level, the register VIXl+reg remains a 
value that is half of the constant CI. As result, when the 
cursor is moved to any position on the display, there are 
fine displacements always around the position where the 
cursor presents. 

The speed parameter VX of the finger controllable 
member of Fig. 27D is divided into three speed levels, i.e. 
0<VX<-V1. VKVX<=V2. and VX>V2. Alternatively, the speed 
paramenter VX may be divided into two speed levels, still 
remaining good performance described above and applicable 
to the most procedures of Fig.27D. In this alternative 
embodiment, if the answer in set F41 is no, the step F47 is 
performed, neglecting steps F44 and F45. It means that the 
speed levels VI and V2 are set to be similar or the same 
value. So, the second speed level will be neglected when 
the finger controllable member judges the value of VX. In 
another embodiment, it is also possible to detect the 
situation of the cursor positioning device such as key 
switch 13a shown in Figs. 25 and 26, with amendment to the 
firmware. In such a design, the user simply clicks the 



- 54 - 



switch to enable the cursor positioning device operating at 
the first speed level. If the user clicks the switch again, 
the cursor positioning device can operate at the third 
speed level. In the third speed level, it is permitted to 
5 move the cursor on the display in fast moving operation 

mode* 

Figs.27E is a subprogram flow chart of the control 
program, explaining how the cursor is moved to the other 
direction, the control flow of which is similar to that of 
10 Fig.27D. may correctly return to original position 
correspondingly. 

Fig.29A is a speed detecting procedure in positive 
direction, including various speed detecting subprograms. 
The terminals A and B are connected to corresponding 
15 terminals A and B of Fig.27D. In case that the result in 
step F44 is no, the procedure flows to step F47 of Fig.27D; 
If the result in step F61 is yes, the procedure flows to 
step F61 of Fig.29A.if the 10 noted that the speed VX in 
positive direction uses the same control procedure at the 
20 third speed level, the fpurth speed level, and higher speed 
level. In step F63,it detects whether the cursor is over the 
margin of the display. If yes, the speed will be changed to 
a lower speed level to further judge whether the cursor is 
over the margin again. The next step F64 is performed only 
25 until the cursor does not exceed the margin. In step F64,it 
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judges whether the register V2X2+reg is a maximum value. If 
yes, the procedure returns to step F43; if no, the 
procedure flows to step 65. In step F65.it judges vhether 
the register VIXl+reg is larger than a half of the value 
CI. If no, the procedure flows to step 46;if yes, the 
procedure- returns to step F66.At this tiae, the high speed 
value of the cursor positioning device, for example at the 
third speed level or higher speed, is transferred into 
temporary values X2X2*and V1X1+, and then storing the 
temporary values into the registers V2X2*reg and VlXl+reg 
respectively. As result, the moving speed and positioning 
of the cursor on display may match that of the finger 
controllable member with advantage of smooth, fast, stable, 
and precise moving performance. Fig.29B is a speed 
detecting procedure in negative direction, the control flow 
of which is similar to that of Fig.29A. 

The Y-axis procedure is followed by the X-axis 
procedure, with similar control flow described above. 

Fig. 30 is a control flow chart in connection with the 1 
embodiment using four photo transistors structure as shown 
in Figs.21A to 21F, which is similar to the embodiment shown 
in Fig.27A to 27C except for the margin determination. In 
this embodiment, the movable photo encoder 4a includes two 
end mask sections 4aa and 4ab. and the photo detector may 
generate various pulse signals by means of four photo 
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transistors 63c, 63a, 63b, and 63d for determining the 
margin. In the procedure, step F90 and step F92 are used to 
judge whether the minimus margin flag is set or not. Step 
F95 and step F97 are used to judge whether the maximum 
margin flag is set or not. Step F99 is used to judge 
whether the directional flag in X+direction is set or not. 
This embodiment is designed to connect with the control 
circuit of Fig. 26. 

Fig. 28 is an interrupt subprogram for margin 
determination. The procedure generates ten interrupt 
signals per second, and performs X-axis margin 
determination process and Y-axis margin determination 
process in sequence. 

The arrangement and structure described above 
constitutes a preferred embodiment of this invention, it is 
to be understood that the present invention is not limited 
to this precise form and that changes may be made therein 
without departing from the scope of the invention as set 
forth in the appended claims. 
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CLAIMS 



1. A cursor controlling device, in which the cursor controlling device is used 
to control displacement and location of a cursor on a computer display, said cursor 
controlling device comprising: a case which is a finger controllable element; at 
least one circular optic piece and a respective reading set for generating signals of 
0 and 1, and for reading data about movement of the finger controllable element; 
and at least one register for recording the length values of the signals 0 and 1 
generated by optic grid pieces; said device having a single operating mode for 
detecting said movement of the finger controllable element using at least two sets 
of different ratio constants to multiply a moving distance of the finger controllable 
.element according to a variation in moving speed of the finger controllable 
element, and thereby controlling a moving distance of the cursor among the 
display screen to be positively proportional to the respective rotational distance of 
the finger controllable element. 

2. The cursor controlling device as claimed in claim 1, wherein there are two 
respective sets of optic grid pieces one for detecting movement along the X axis 
and the other for detecting movement along the Y axis, and at least two registers 
are installed for each of the axes, and wherein the single operating mode presets a 
constant C according to the sum of the number of the signals 0 and 1 which could 
be generated in each axis and divides the constant C into a low speed section CI 

and a plurality of high speed sections C2, , Cn, wherein each of the low and 

high speed sections CI, C2, Cn is correspondent to respectively different 
moving ratios Kl, K2, Kn, taking the sum of the multiples of the respective 
speed sections and the moving ratios C1K1+C2K2_ ....+CnKn to be the 
resolution of the respective display screen, and further using the at least two 
registers to record the moving lattice numbers of the low speed section CI and the 
high speed section C2, respectively, th* sum of all registers being equal to the 
constant C of each said axis. 
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3. The cursor controlling device as claimed in claim 2, wherein in said single 
operating mode, as the moving speed of the finger controlling element is over the 
low speed, the register with respect to the high speed section C2 is increased by at 
least a number N, and another register with respect to the low speed section CI is 
reduced by at least N-l, thereby keeping the total moving value fixed to 1, 
wherein 
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